This review outlines the state of knowledge and research gaps in the area of determinants of healthy eating among children and youth. The article is structured around individual and collective determinants that affect healthy eating in children and youth. We defined healthy eating as "eating practices and behaviours that are consistent with improving, maintaining and/or enhancing health." Relevant databases were searched for papers published between January 1992 and March 2003 that focussed on children or youth and reported at least one factor relevant to healthy eating. Among collective factors, familial factors and the nature of foods available in the physical environment, including at home, schools and in fast-food establishments, stand out as significant influences on healthy eating in children and youth. The media, particularly television, also have an enormous potential influence and can overshadow familial influences. Individual factors identified include knowledge, attitudes and food preferences; only the latter have been identified as a strong determinant of healthy eating in both children and adolescents. The results of the review identified a significant body of literature in the area of determinants of healthy eating in children and youth; however, very little of this research has taken place in Canada. Only a few determinants, such as economic factors and food security, the content of media nutritional messages, and the issue of flavours, neophobia and food preferences, have undergone some examination by Canadian researchers. Research priorities for Canada in the area of determinants of healthy eating and surveillance of eating behaviours are identified.
T here is mounting evidence that Canadian children may be making unhealthy food choices, leading to both dietary excesses and inadequacies. Most information comes from nutritional surveillance in the United States (US), which suggests that few children meet dietary recommendations. They have low intakes of fruits, vegetables and milk products; high intakes of less healthy choices, such as soft drinks and high-fat, high-sugar snack foods; and consumption of too much fat and saturated fat, and too little folate and calcium. [1] [2] [3] [4] [5] [6] [7] Overall dietary quality declines with age, and the rate of breakfast skipping increases. Although there are no comparable national data available on children's eating behaviours in Canada, limited information from a national study, 8 and some provincial data, 9, 10 suggest that similar concerns exist about Canadian children, including low fruit and vegetable consumption and high consumption of candy, chocolate bars and soft drinks.
Unhealthy eating habits during childhood may interfere with optimal growth and development while setting the stage for poor eating habits during adolescence and adulthood. 11, 12 Moreover, poor diet and inactivity during childhood have been implicated in the worrisome increase in childhood overweight, 13 which is considered to be at epidemic proportions in Canada and in other developed nations. [14] [15] [16] Increases in other nutrition-related risk factors for chronic disease in children such as hypertension, hypercholesterolemia and Type 2 diabetes have also been observed. 17, 18 A range of health promotion strategies are required in order to support healthy eating during childhood and adolescence and promote optimal growth and development while reducing risk for obesity as well as chronic disease rates in the adult population. 11, 19 However, in order to design effective interventions, an understanding of the complexity of factors that influence the eating behaviours of children and adolescents is needed.
This review outlines the state of knowledge and research gaps in the area of determinants of healthy eating among children and youth. The paper is structured around individual and collective determinants, as described in the Framework for Population Health, 20 that affect healthy eating in chil-dren and youth. Individual determinants include biological factors (sex, age), food preferences, knowledge and attitudes pertaining to health and food, and skill level or capacities. Collective determinants include the economic, social and physical environments. We defined healthy eating, as "eating practices and behaviours that are consistent with improving maintaining and/or enhancing health." 
METHODS AND LITERATURE SEARCH

RESULTS
Individual determinants
These include biological factors (age, sex), food preferences, nutrition knowledge and attitudes. Most studies focussed on differences in eating behaviours, such as snacking or breakfast consumption, rather than differences in determinants of eating behaviours such as age and sex.
American surveys indicate that there is a decline in diet quality and breakfast consumption with age and an increase in snacking from elementary to higher grades. 1, 3, 7 Smaller Canadian studies confirm these trends. 9, 10 This is a concern, since children who eat breakfast regularly are more likely to have more nutritious diets than those who do not. 9, 21 Females, particularly adolescents, tend to be at greater nutritional risk than males. 7 Children's food preferences are often guided by taste or liking alone. 22, 23 Preference for specific food items (e.g., fruits and vegetables) is a strong positive indicator of the consumption of that food in both children and adolescents. [24] [25] [26] [27] [28] [29] [30] Taste can lead to poor choices: for example, "dislike for vegetables" is one of the three most important predictors of fruit and vegetable intake in children. 30, 31 Personal preferences for eating fast food 32 or vending machine snacks 33 have also been identified as a barrier to healthy eating in adolescents.
Nutrition knowledge levels are generally low among children and adolescents, who have a weak understanding of the connection between food choice, physical activity, and health. 23, [34] [35] [36] While knowledge does not consistently influence dietary behaviour, 37-44 inconsistent findings may reflect past methodological problems 43 or the inter-relation between knowledge and other determinants, which may make independent effects difficult to assess. Relatively few studies have described attitudes toward food and the role of food in health. 28, 45, 46 Intervention 47,48 studies utilizing models such as Social Cognitive Theory [49] [50] [51] [52] [53] have been unable to explain a large variation in children's eating behaviours. Those using a qualitative approach to examine attitudes and meanings associated with foods suggest that determinants vary by sex and age. 30, 37, 54, 55 Even fewer studies have examined the effect of food preparation skill level (perceived or actual) among children and adolescents. 30, 31 
Collective determinants
Economic Determinants
These include income/socio-economic status, food pricing, education and employment. Income and socio-economic factors are discussed more thoroughly elsewhere in this supplement. Food price becomes the most important consideration in food choice when income is restricted, 56 often leading to the selection of foods that are higher in sugar and fat because they are among the least expensive sources of dietary energy. 57 Further, reducing the price of foods and beverages that are high in sugar and/or fat increases the consumption of these foods. 58, 59 Lower educational status of parents has been associated with lower dietary quality, including higher fat and lower micronutrient intakes in children. [60] [61] [62] [63] Finally, maternal employment has been found to be negatively associated with the frequency of family meals, which are, in turn, positively associated with diet quality. 64 
Social Determinants
These include cultural factors, familial factors, peers and product marketing/mass media. Although culture is considered one of the most important influences on healthy eating, increasing "globalization" of food habits 65 has led to a reduction in intercultural differences in food practices within society. 66 In Canada, there has been clear evidence of nutritional concerns about Aboriginal children. [67] [68] [69] [70] However, there is a paucity of data comparing dietary behaviours of Canadian children and youth with those from other countries and cultures.
Children's dietary patterns evolve within the context of the family. 71 The intakes of parents and children are correlated for most nutrients, 72 with stronger correlations between mothers and children than fathers and children. According to Nicklas and coworkers, 11, 73 familial factors include food exposure and availability, parental modelling, meal structure and family meals, parenting style, and food socialization practices. A strong positive association between the availability of fruits and vegetables in the home and consumption has been reported. 27, 30, 31, 45, [73] [74] [75] While the availability of healthy foods is necessary, it is not always a sufficient enabler of healthy eating: qualitative research indicates that although parents provide youth with healthy homemade foods, the youth do not always like them. 32 Few studies have examined the role of parental modelling as a predictor of healthy eating in children and youth. 45, 50, 75, 76 Family meals have a positive influence on diet quality of children and youth, [77] [78] [79] with higher consumption of vegetables and fruit, milk products and improved nutrient intakes.
An authoritarian parenting style, characterized by controlling child feeding practices (using high-fat/high-sugar foods as rewards, restriction of "junk foods") increases childrens' preferences for and intake of restricted foods once the restriction is removed. 73, [80] [81] [82] [83] [84] [85] Further, encouraging the consumption of a healthy food on the basis of its health benefits decreases children's preference for the food. 86, 87 Permissive parenting can lead to inappropriate snacking and consumption of inappropriate portions of energy-dense foods. 88 Parental attitudes and knowledge about nutrition, termed "food socialization practices" 73, 89 , have also been correlated with nutrient intakes of children. 90 Parents' nutritional knowledge may affect the nutritional quality of foods purchased, and therefore their availability, as well as the size of portions served to the child. 71, [90] [91] [92] Positive nutritional attitudes in parents of pre-schoolers have been found to be associated with more pleasant mealtime experiences, fewer suboptimal mealtime practices and fewer eating problems. 93 Some early research 94 suggested that peers are an important and lasting influence on the food preferences of pre-schoolers (age 2-5). Enthusiastic peer modelling has been found to be the strongest predictor of younger children's willingness to try new foods. 95 The effects of product marketing and mass media on dietary behaviour are interrelated and include influences on food preferences, food purchases and children's food requests, or they may affect knowledge and attitudes, and the development of dieting behaviours and body image problems. The media, particularly television, have an enormous potential influence on healthy eating in children and youth, and, in many instances, can overshadow familial influences. Food advertising promotes more frequent consumption of less healthy foods, including higher-fat, energy-dense snacks 96, 97 and rarely features healthy choices such as fruits and vegetables. [98] [99] [100] This is a concern, since children are more likely to request, purchase and consume foods that they have seen advertised on television. 96, 101 In addition to their effects on food consumption, food or beverage advertisements are persuasive and have been shown to often contain misleading information or incomplete disclosure, which can contribute to confusion among children. 39 Finally, mass media have been identified as important factors in the development of both overweight 102, 103 and dieting behaviours, 104 particularly in young women.
Physical Environment
This includes foods available/portion sizes and the school environment. The negative influence of increased availability and effective mass marketing of fast food, convenience foods and expanding portion sizes on healthy eating in children and youth has received considerable attention in recent years. 105 This is a concern, since children as young as five years eat more when they are served large portions. 106 Further, changes have been associated with a decline in dietary quality, including a reduction in the consumption of nutrientdense foods and a concomitant increase in foods that are low in nutrients yet high in energy, fat, sugar and sodium. 59, 86, 89, 106, 107 The school environment may influence healthy eating in children and youth through the foods that are available, nutritional policies, school nutrition and health curricula, and teacher and peer modelling. Schools are the ideal settings to establish and promote healthy eating practices in children and adolescents. 108, 109 Recent surveys of food programs in Canadian schools have identified a number of concerns regarding the nutritional quality of foods in schools, including the ready availability of high-fat, high-sugar, low nutrient-dense foods and beverages, particularly in vending machines. [110] [111] [112] [113] [114] A national scan indicated that there are very few school nutritional policies in Canada, 115 which are critical in order to provide guidelines for the planning, development and implementation of comprehensive nutrition programs, 12 and which are associated with changes in students' nutritional knowledge and behaviours. 41, 43, 116 
KNOWLEDGE GAPS
Although there is now a significant body of literature in the area of determinants of healthy eating in children and youth, very little of this research has taken place in Canada. Only a few determinants, such as economic factors and food security, [117] [118] [119] [120] [121] the issue of flavours, neophobia and food preferences 122, 123 and the content of media nutritional messages 96,99,100 have undergone some examination by Canadian researchers. It may seem reasonable to build on research conducted elsewhere, given the common exposure to powerful forces such as the mass media and technology, an increasingly globally homogenous food supply, and common health problems, such as overweight. This is not appropriate, however, where there are significant national differ-ences, for example, the role of the school environment or the effect of national dietary guidelines on healthy eating in children and youth. The following key research priorities have been identified:
Research examining the nature of familial
influences on healthy eating in children and youth, including family food practices, the frequency of family meals and the relative influence of peers and siblings on healthy eating. Among collective factors, familial factors and the nature of foods available in the physical environment, including at home, schools and in fast-food establishments, stand out as particularly significant influences on healthy eating in children and youth. Given the positive association between family meals and diet quality, future research should attempt to increase our understanding of how families with working parents living in a time crunch do manage to have family meals. 64 Because children have, in turn, influenced family food habits by pressuring food preparers to purchase and prepare food they like, research on the interaction between children and parents, which examines the complexity of this relationship, is needed. Although mothers are more motivated to change their children's eating behaviours than fathers and are more knowledgeable about the nutrient content of foods, they are relatively unsuccessful in changing their children's food habits on their own. 124 The reported incongruence between reported maternal motivations and the foods they select for their children 125 reflects the complex context in which eating takes place and the influence of other cognitions relating to mothers' concerns about their own weight. The observed inter-relations among cultural, familial and societal influences in the formation of children's eating habits serve to decrease the impact of family culture on food behaviours in children and youth. This, in addition to the clear decline in familial influences with age, including a decline in the frequency of family meals, underscores the importance of supporting healthy food socialization practices in parents. Since it is food use, portion sizes and food preparation methods that are often targeted in interventions, it would be useful to examine the influence of familial factors on these food-related practices more closely and whether they predict eating behaviours and body weight. 61, 126 Although the problem of escalating portion sizes in the fast-food industry and the grocery retail sector (muffins, bagels, soft drinks and confections) is well known, there has been little research on this phenomenon in the home environment. Research to clarify and confirm the potential influence of peers and siblings on dietary behaviour is needed.
2.
Research regarding the impact of the school environment on healthy eating, particularly nutritional policy and modelling. Evidence suggests that, while school environmental change is occurring in Canada, many schools are failing to provide adequate environments to support healthy eating. [110] [111] [112] [113] [114] Thus, while students may be receiving some nutritional education in the classroom, confusing and counterproductive messages appear to be provided in cafeterias and other school settings. 12, 109 It is encouraging that enthusiastic teacher and peer modelling has been found to increase acceptance of healthy food choices in pre-schoolers; this suggests important opportunities for day care centres and kindergarten settings to promote healthy eating. The characteristics of modelling activities, environments and children for whom modelling is effective 89 need to be documented. This would facilitate the design of effective interventions in both school and home settings. Recent findings that changing the economics of food choice in schools and other environments, such as grocery stores, can have positive effects on healthy eating 58 must be confirmed in a broader range of foods, settings and age groups. Finally, it is important to monitor the impact of school nutritional policies on improving the school food environment and eating behaviours. The possible effects of such policies on time allotted for physical activity in school should be assessed as part of this monitoring.
Effects of mass media on healthy eating.
Much of the evidence of the effectiveness of television food commercials in changing dietary behaviour comes from marketing research, which is not accessible to researchers or the public. Although the amount of money invested in food com-mercials seems to provide clear testimony to the perceived effectiveness of influencing behaviours, 98, 127 the effects of television on nutritional knowledge, children's perceptions and views, and, most important, food intake in children and youth, after exposure to food commercials 128 needs to be further investigated.
Research regarding food preferences and
nutritional knowledge/skills in children and youth and their impact on behaviour change. Among individual determinants, only food preferences or liking was consistently identified in both young children and adolescents as an important predictor of healthy eating. [22] [23] [24] [25] [26] [27] [28] [29] [30] Since food preferences are often not consistent with children's knowledge, educators should go beyond teaching children what to eat, and assist them in choosing healthy foods that are also seen as good tasting. 129 While there is evidence of an association between knowledge and behaviour, particularly in older children, 32, 34, 35, 44 the ability of children to identify appropriate foods needed to meet dietary recommendations should be assessed. It is not sufficient to be able to "parrot" nutritional recommendations; children need to be able to identify and request healthy choices (e.g., lower-fat foods). 129 Longitudinal studies of the effects of knowledge on dietary behaviour and studies of children from diverse cultures and socio-economic backgrounds are necessary. Qualitative methods appear to have promise in terms of studies examining the effect of knowledge on healthy eating. 129 The relation between food-related skills (including food selection and preparation) and healthy eating in both children and their parents should also be examined. Given the decrease in emphasis on the development of food-related skills in school systems across Canada, changes in courses offering Home Economics/Family Studies, 130 and the increase in prepared and convenience foods in the home, it is important to identify means by which children will consistently acquire food-related skills and use them to make healthy choices.
Methodological issues in the examination of multiple determinants of healthy eating in children and youth, and their interactions.
Much of the research has been limited to an examination of bivariate relations 71 and the use of non-experimental designs, precluding the identification of causal relations between determinants and eating behaviours of children and youth. Many interventions have focussed on fruit and vegetable intake. [131] [132] [133] Although determinants of healthy eating appear to vary by food, it is impractical to develop predictive models for individual foods. 45 Examining groups of foods that are homogenous in terms of determinants of consumption is suggested as a possible approach.
The low predictability of psychosocial models to predict food intake in children and youth may be improved by considering the relatively stronger influence of factors such as food availability and accessibility, and their interactions. 133 Quantitative methods predominate in the literature, and there is a paucity of Canadian studies exploring the determinants of healthy eating in children using a qualitative approach. The latter approach could help identify the reasons why children and youth make positive choices, so that supports for healthy eating can be strengthened.
Monitoring eating behaviours and weight in children and youth.
Canada must have its own nutritional monitoring system to identify unique national and regional dietary behaviours and nutritional concerns. Clearly, in order to choose interventions wisely and tailor them to specific regions, to evaluate them effectively and make sound dietary recommendations, accurate and current data on the eating behaviours of Canadian children and youth are essential. To date, Canadian nutritionists have not had adequate data upon which to base any of these important activities. Although smaller studies have identified some dietary concerns, this review confirms the lack of national nutritional assessment data on dietary behaviours in Canadian children. This was also identified as a gap in knowledge in a recent Health Canada report. 134 Difficulties in assessing dietary behaviours in children and youth contribute to the challenge of identifying key determinants and in assessing the impact of interventions targeting them. It is encouraging that Canada is currently gathering dietary intake data through the Canada Community Health Survey (CCHS), Cycle 2.2, Nutrition Focus. 135 Pre-school and school-age children and adolescents are included in the sample. 135 It is hoped that the collection of nutritional indicators will continue as part of the CCHS or other national surveys. Since there is increasing recognition that food intake and eating patterns, rather than specific nutrients, play important roles in health and in disease prevention, monitoring systems should focus more on foods and overall eating patterns and develop further diet quality measures in children 136 in order to develop appropriate dietary guidelines for them.
CONCLUSIONS
Currently, the lack of Canadian data on both the determinants of healthy eating and dietary behaviours in children and youth are significant barriers to the development of effective policies and programs in Canada. Recognition of the importance of research into the determinants of healthy eating in children and youth, through sustained significant research funding and identification of mentoring opportunities for researchers, are two means by which we can ensure that there are sufficient Canadian researchers in applied nutrition to conduct this important work.
It is intended that this review will become part of the foundation for further examination of the determinants of healthy eating, and inform a broader dialogue among researchers, practitioners and policy makers on research-related priorities in Canada.
